Partial characterization of glutathione S-transferase (GST) isolated from hepatocytes of Cyprinus carpio from river Ravi Punjab, Pakistan by Kazmi, S S Ul-Hassan et al.
 
 
Indian Journal of Geo Marine Sciences 






Partial characterization of glutathione S-transferase (GST) isolated from 
hepatocytes of Cyprinus carpio from river Ravi Punjab, Pakistan 












, T R Pavase
d
 & M A Soomro
b 
aDepartment of Zoology, Wildlife and Fisheries, University of Agriculture, Faisalabad – 38000, Pakistan 
bCollege of Marine Life Science, Ocean University of China, No. 5 Yushan Road, Qingdao – 266 003, PR China 
cCollege of Fisheries, Ocean University of China, No. 5 Yushan Road, Qingdao – 266 003, PR China 
dCollege of Food Science and Engineering, Seafood Safety Lab, Ocean University of China, Qingdao – 266 003, China 
*[E-mail: dr.abbas@uaf.edu.pk] 
Received 27 March 2019; revised 23 April 2019 
Glutathione S-transferase (GST) is vital in oxidative stress. Keeping in view the importance of this enzyme, present 
study was conducted for partial characterization of GST from hepatocytes of Cyprinus carpio. The inferences showed higher 
(GST) activity in liver of C. carpio collected from Chashma Barrage (144.33±1.15) as compared to Trimmu Head works 
(128.66.3±0.577) and Rasul Barrage (111.66±0.577) sampling sites. The highest GST activity was 128±0.333 U mL-1 from 
the crude extract fraction of liver as compared to other fractions of appraisal fish liver. Whereas the lowest activity 
(109±0.666 U mL-1) was from desalted fraction. Optical density was recorded by spectrophotometer at 280 nm, the fractions 
that showed high optical density were subjected to enzyme assay. Highest specific activity was 183.63, 153.84 and 162.50 U 
mg-1 for purified liver GST of C. carpio captured from Trimmu Head works, Rasul Barrage and Chashma Barrage, 
respectively. Whereas, fold purification was 2.86, 2.69 and 2.10 while, percent recovery was 78.90, 72.07 and 63.19 %, 
respectively for purified liver GST. The optimum pH was 6.5, 6.0 and 6.8 whereas, temperature was 30.5 oC, 31 oC and  
30 oC followed by substrate concentration 40.3 mM, 40 mM and 41 mM, for purified liver GST of C. carpio captured from 
Trimmu Head works, Rasul Barrage and Chashma Barrage, respectively. It should be noted that detailed studies can be 
beneficial in the fields of physiology, biochemistry and toxicology. 
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Introduction  
Water is a vital natural resource for human life and 
economic wellbeing
1,2
. Aquatic pollution in Pakistan 
is due to straight release of waste in lakes, rivers, and 
coastal areas in addition to atmospheric removal 
in large aquatic schemes
3
. River Ravi is considered as 
the most polluted river among the rivers of Pakistan 
and its fauna especially fishes has been seriously 
affected by increasing aquatic pollution
4-6
. Aquatic 
pollution cause oxidative stress due to which reactive 
oxygen species (ROS) are produced
7
. In response, a 
number of protective mechanisms have been 
developed by organisms to eliminate ROS prior to 
occurrence of damaging effects in cells. Among these 
vital mechanisms antioxidant enzymes like, 
glutathione reductase (GR), catalase (CAT), 
superoxide dismutase (SOD) glutathione S-transferase 
(GST), and glutathione peroxidase (GPx) are 
significant contributors to stop the free radicals that 
lead numerous instability in cellular mechanisms
8,9
. 
GST belongs to prokaryotic and eukaryotic phase II 
enzymes, primarily found in the cytosolic fraction of 
the liver and GSTs are mostly soluble in nature
10
. 
GST aids in detoxification process, speeds up the 
linking of xenobiotics with glutathione (GSH), and 




Antioxidant defense system in fish tissues consists 
of GST and CAT enzymes which help to protect the 
tissues from oxidative damages caused by pollution
12
. 
Cyprinus carpio is one of the Indian major carps, 
commonly consumed throughout Pakistan due to its 
high quality meat and taste. It has acquired great 
attention of aqua-culturists across the world due to its 
high yield and meat quality
13
. Metal contaminated 
water reduced the GST activity in liver and kidneys of 
C. carpio
14
. The metabolic activities of organisms are 
controlled by enzymes, a minor variation in the 








Antioxidants prevent the oxidation of proteins, 
lipids and DNA at low concentration
16
. The 
antioxidant mechanism gained interest in the field of 
ecotoxicology including the important oxidative 
enzymes like GST, GR, CAT and SOD. These 
antioxidants are important in mitigating oxidative 
stress and reacting with the free radicals
8,9
. In 
ecotoxicology studies, the importance of antioxidants 
is increasing enormously as these are considered 
important biomarkers of environmental stress and 
helpful in testing aquatic pollution. Keeping in view 
the importance of these vital enzymes, the present 
study was conducted to partially characterize the GST 
isolated from hepatocytes of C. carpio. 
 
Materials and Methods 
 
Fish Sampling 
Samples of proposed fish were collected from fresh 
water bodies, River Chenab; (Trimmu Head works), 
Jhelum River; (Rasul Barrage) and Indus River; 
(Chashma Barrage), Punjab province Pakistan. 
 
Extraction of studied organs 
Muscles tissues and liver of dissected animals were 
extracted and preserved in crushed dried ice box. 
 
Isolation of Glutathione S-Transferase Enzyme 
Glutathione S-transferase enzyme was isolated 
from liver of C. carpio. The GST activity is a 
response of the fish to the aquatic contamination. 
 
Sample preparation 
At first, the fish liver was weighed then 50 mM 
Tris HCL buffer, pH 7.4 containing 0.2 M sucrose 
was added in 1:4 ratio i.e. 4 times greater than the 
weight of the organ. Both the fish organs were then 
homogenized for 15 minutes with the help of pestle 
and mortar, and the resulted liquid was filtered with 
the help of Whitman filter paper no. 1. The filtered 
liquid was centrifuged at 16,000 rpm for 45 minutes 
at 4 °C, pellets were discarded and supernatant was 
used for further analysis. All the enzyme isolation 
steps were carried out at 4 °C. 
 
Partial purification by Ammonium Sulfate precipitations 
Ammonium Sulfate was used in partial purification 
of GST and it’s precipitation consisting of salting in 
and salting out as described below. 
 
Salting In 
Crude extract of enzyme was saturated with 55 % 
ammonium sulfate by dissolving 4.62 g per 12 mL
 
for 
liver and for kidney 5.005 g per 13 mL. Ammonium 
sulfate was refrigerated for 4 hours at 4 °C and used 
in solid state. After 4-6 hours, the supernatant and 
residues were obtained by centrifuging at 16,000 rpm 
for 45 minutes at 4 °C. Both the supernatant and 




The supernatants from salting in procedure were 
subjected to salting out method. The saturation was 
adjusted up to 90 % and added 1.05 g of solid 
ammonium sulfate for liver and 3.18 g for kidney of 
solid ammonium sulfate by shaking it and keeping  
at 4 °C overnight. Supernatant and residues were 
obtained by centrifuging at 10,000 rpm for  
15 minutes. The residues were then dissolved in 
minimum buffer (pH 7.4). 
 
Desalting and Dialysis of Residues 
The residues obtained from salting out method 
were subjected to dialysis using dialysis bag. Dialysis 
bag has semipermeable membranes that allow the 
movement of salts, and lower weight molecules and 
ions. Precipitated protein sample from salting out 
process in residual form was dialyzed against low 
ionic strength buffer (pH 7.4). All obtained samples, 
supernatants, sediments and desalting samples were 
subjected for enzyme essays and the estimation of 
protein contents. 
 
Preparation of 0.3M potassium phosphate buffer 
About 10.20675 g KH2PO4 and 13.0635 g K2HPO4 
were taken in a flask and distilled water was added to 
make volume up to 500 mL and adjusted pH 6.9. 
 
Preparation of 30 mM substrate 
0.018 g CDNB was taken in a dark bottle and 
distilled water was added to make volume up to 3 mL. 
 
Preparation of 30 mM Glutathione 
Total 0.027 g GSH was kept in black bottle and 
distilled water was added to make volume up to 3 mL. 
 
Enzyme assay 
The reaction mixture of 3 mL contained 2.4 mL of 
0.3 M potassium phosphate buffer (at pH 6.9), 0.1 mL 
of 30 mM CDNB, 0.1 mL of 30 ml GSH and 0.4 mL 
of supernatant (enzyme assay). Absorbance was 
recorded at 340 nm against the reagent blank on 
spectrophotometer after the interval of 1 minute. 
 
Protein Contents Estimation 
Biuret reagent method was used for the estimation 
of protein contents. Reagent was prepared by copper 




sulfate pentahydrate (CuSO4.5H2O2) and sodium 
potassium tartarated tetra hydrate, 3 g and 12 g 
respectively, mixed in distilled water raised the final 
volume 500 mL. In this solution 300 ml of 10 % 
NaOH solution was added to make the final volume 
up to 1000 mL. The solution was stored in dark 
colored bottle as it was light sensitive. 
 
Protein contents of sample 
For the analysis of Protein contents, enzyme 
sample was taken in concentration of 0.50 mL and  
0.5 mL, followed by addition of biuret reagent, mixing 
and incubation at 37 °C in water bath for 15 minutes. 
Optical density was recorded by spectrophotometer at 
540 nm, readings were plotted in graphical form and 
standard factor was obtained. Protein contents were 
calculated by following formula: 
Protein contents = ∆ × standard factor × dilution 
factor 
Where: 
 ∆ = Absorbance at 540 nm 
Standard factor = 3.5 
Dilution factor = Added distilled water 
 
Estimation of enzyme activity 











where A – enzyme activity, conjugate nmol/mg 
protein/min, Eexp = increase of the optical density at 
340 nm of the sample, Econt = increase of the optical 
density at 340 nm of the blank, 1000 = coefficient,  
3 = the total volume of the mixture, ml, 9.6 = molar 
coefficient of the conjugate formation, V = volume of 
the sample, ml, t = time, min, c = protein concentration. 
 
Estimation of specific activity for Glutathione S Transferase 
enzyme 
The specific activity of GST enzyme is the units of 
GST in one milligram of protein. The specific activity 
was measured by using the following formula: 
Specific activity = Activity of Fraction / Protein 
contents of fraction 
 
Purification of enzyme by Ion Exchange Chromatography 
The isolated enzyme was purified by ion exchange 
column chromatography and enzyme assay method. 
 
Preparation of 1M HCI 
80 mL of 7 % pure HCI was added to distilled 
water to make the 1000 mL volume. 
Preparation of 1 N NaOH 
Total 40 g of NaOH was dissolved in distilled 
water to make the final volume up to 1000 mL. 
 
Preparation of column 
The column of DEAE-cellulose (diethyl amino 
ethyl-cellulose) was prepared by following method; 
the slurry was prepared in small glass beaker by 
gradual addition of resin into distilled water, heated in 
water bath at 95 °C for 5 hours and distilled water was 
continuously added in slurry so that it cannot dry.  
A glass column (415 cm) was arranged, transferred 
the slurry into the column and left the column 
undisturbed overnight. 
 
Washing/Equilibration of column with base and acid 
The column was washed with 30 mL of 1 N NaOH 
solution by passing the distilled water until the pH of 
eluted was maintained to 7 as that of distilled water. 
Similarly, the column was washed with 30 mL of 1 M 
HCI and distilled water was passed through the 
column until the pH of eluted was maintained to 7. 
The column was equilibrated with phosphate buffer of 
(pH 6.9), and the buffer was passed through the 
column until the pH of eluted become equal to pH of 
buffer. 
 
Application of sample 
The distilled sample was applied on to the column 
bed by micropipette 0.25 mL, so that top layer of the 
column remains undisturbed. The column outlet was 
opened, sample was allowed to penetrate and the 
sample was eluted out with the help of 50 mM 
phosphate buffer of pH 6.9 so that the drop rate 
remained constant. In this way 50 fractions with 2 mL 
of eluted were collected for further analysis.  
The optical density of all fractions was recorded at 
280 nm against blank (buffer) and plotted a graph i.e. 
fraction vs. absorbance. Fractions with higher beaks 
or higher protein contents were tested for enzyme 
assay and for determination of protein contents, 
respectively. 
 
Characterization of GST enzyme 
Purified enzyme was subjected to kinetic 
characterization, at different pH, temperature and 





Determination of Optimum temperature, pH and substrate 
concentration  
The optimum pH of GST was determined by 
assaying the purified enzyme at different pH ranges  
5 to 8.5 (5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0 and 8.5) 




similarly, the optimum temperature was assayed  
at different temperatures ranging between 20-50 °C; 
(20, 25, 30, 35, 40, 45 and 50 °C), respectively. 
Whereas, the purified GST was assayed at different 
substrate concentrations for optimum substrate 




The experimental data was presented as mean 
standard deviation (M±SD). Statistical analysis was 
performed, and factorial design under RCBD used to 
compare the variables.  
 
Results and Discussion 
 
Comparative liver GST activity in riverine Cyprinus carpio 
Findings of the present study showed highest  
GST activity in the hepatocytes of C. carpio captured 
from all three sampling sites for example; Chashma 
Barrage (144.33±1.15), Trimmu Head works 
(128.66.3±0.577) and Rasul Barrage (111.66±0.577) 
(Fig. 1). However, significant differences (P<0.05) 
were recorded among GST activity and sampling 
sites, respectively. 
 
Partial purification of hepatic GST in C. carpio captured from 
Trimmu Head works, Rasul Barrage and Chashma Barrage 
 
GST activity of hepatocytes 
The crude extract of liver showed highest GST 
activity in hepatocytes of C. carpio like; Trimmu  
head works 128±0.333 U mL
-1
; Rasul Barrage 
111±0.666 U mL
-1
; and Chashma Barrage 144±0.66 
U mL
-1
as compared to the other fractions, respectively 
(Table 1, 2 and 3). Meanwhile, the desalted fraction 
showed lowest GST activity in all sampling sites for 
example; Trimmu head works; 109±0.666 U mL
-1
, 
Rasul Barrage 91±0.666 U mL
-1
and Chashma Barrage 
110±0.666 U mL
-1
. However, a gradual decrease in 
activity from crude extract to dialysis/desalted 
fraction was also observed among all the samples of 
species under examination (Table 1, 2 and 3). 
 
Protein contents of hepatocytes 
The observed protein contents in hepatocytes of  
C. carpio captured from three sampling sites were as; 
(Trimmu Head works) 0.74 mg/mL to 1.98 mg/mL; 
(Rasul Barrage) 0.78 mg/mL to 1.92 mg/mL and 
(Chashma Barrage) 0.73 mg/mL to 1.86 mg/mL 
(Table 1, 2 and 3). However, it should be noted  
that highest protein contents showed by the crude 
extract fraction as compared to the lowest by 
Table 1 — Partial purification of hepatic GST in C. carpio captured from Trimmu Head works 




Specific activity  
(U/mg) 
Fold purification %  
recovery 
Crude 128 1.98 64 1.000 100 
Salting in (sup) 124 1.85 68 1.060 96.87 
Salting in (res) 120 1.62 74 1.156 93.75 
Salting out (sup) 115 1.42 80 1.250 89.84 
Salting out (res) 113 1.21 93 1.453 88.28 
Desalting 109 0.74 147.29 2.301 85.15 
 
Table 2 — Partial purification of hepatic GST in C. carpio captured from Rasul Barrage 




Specific activity  
(U/mg) 
Fold purification %  
recovery 
Crude 111 1.92 57.00 1.000 100 
Salting in (sup) 109 1.91 57.06 1.001 98.19 
Salting in (res) 105 1.62 64.81 1.137 94.59 
Salting out (sup) 98 1.23 79.67 1.390 88.22 
Salting out (res) 95 1.02 93.13 1.630 81.58 




Fig. 1 — GST activity of hepatocytes isolated from riverine 
Cyprinus carpio (THW = Trimmu Head works; RB = Rasul 
Barrage; CB = Chashma Barrage). 




desalted/dialysis fraction. Whereas, gradual decrease 
in protein contents was also observed from crude 
extract to dialysis/desalted fraction, respectively 
(Table 1, 2 and 3). 
 
Specific activity of hepatocytes 
Highest specific activity of desalted liver fraction 
of C. carpio among all the sampling sites was  
like; (Trimmu Head works) 147.29U mg
-1
; (Rasul 
Barrage) 116.66 U mg
-1
 and (Chashma Barrage) 
156.68 U mg
-1 
as compared to the other fractions 
(Table 1, 2 and 3). Whereas, the lowest specific 
activity in liver crude extract fraction among all above 
mentioned sampling sites was 64 U mg
-1
, 57 U mg
-1
 
and 57.41 U mg
-1
 (Table 1, 2 and 3). Activity and 
specific activity are antagonistic to each other in the 
purification of enzyme, thus after each step of partial 
purification, decreased activity and increased specific 
activity was also observed, respectively. 
 
Fold purification of hepatocytes 
Fold purification measures how many folds an 
enzyme is purified or how many times an enzyme is 
purified after each step of purification. The highest 
fold purification values were observed for liver 
desalted fraction like 2.301, 2.046 and 1.946 as 
compared to the lowest liver crude extract fraction 
1.00, 1.00 and 1.00 respectively, among all three 
sampling sites during partial purification of GST from 
the hepatocytes of C. carpio (Table 1, 2 and 3). 
Whereas, it should be noted that after each step of 
partial purification an increased fold purification was 
also observed. 
 
Percent recovery of hepatocytes 
Percent recovery of an enzyme is the actual yield 
or achieved recovery after any purification step. In 
this study, the percent recovery values for liver crude 
extract fraction was similar among all three sampling 
sites with 100 % as compared to lowest liver desalted/ 
dialysis fraction values 85.15 %, 81.98 % and 88.7 %, 
respectively (Table 1, 2 and 3). However, after each 
step of partial purification, the percent recovery was 
also decreased. 
 
Purification of hepatic GST in C. carpio captured from 
Trimmu Head works; Rasul Barrage and Chashma Barrage 
Total (n = 50) fractions were taken from ion 
exchange chromatography column for purification of 
liver GST, and the optical density of these fractions 
was observed on spectrophotometer at 280 nm. The 
fractions with high optical density were subjected to 
enzyme assay (Fig. 2). The highest specific activities 
in ion exchange chromatography from the sampling 
sites were as: (Trimmu Head works) serial number 
Table 3 — Partial purification of hepatic GST in C. carpio captured from Chashma Barrage 




Specific activity  
(U/mg) 
Fold purification % recovery 
Crude 144 1.86 77.41 1 100 
Salting in (sup) 142 1.65 86.06 1.11 98.61 
Salting in (res) 135 1.42 95.07 1.228 93.75 
Salting out (sup) 133 1.27 104.72 1.352 92.36 
Salting out (res) 128 1.05 121.9 1.574 88.88 




Fig. 2 — Purification of hepatic GST of C. carpio captured from 
sampling sites: a) Trimmu Head works; b) Rasul barrage and c) 
Chashma barrage 
 




23 (Fig. 2a), (Rasul Barrage) serial number 17  
(Fig. 2b) and (Chashma Barrage) serial number 19 
(Fig. 2c). Whereas, the specific activity was: 183.63 
U mg
-1
, 153.84 U mg
-1
 and 162.50 U mg
-1 
(Table 4, 5 
and 6). The GST activity of the fraction was 101 U 
mL
-1
, 80 U mL
-1
 and 91 U mL
-1 
and protein contents 
were 0.55 mg mL
-1
, 0.52 mg mL
-1 
and 0.56 mg mL
-1 
(Table 4, 5 and 6). While, the purification for highest 
specific activity was 2.86, 2.69, and 2.10 however, 
percent recovery was 78.90 %, 72.07 % and 63.19 % 
for purified liver GST of C. carpio captured from all 
three sampling sites respectively (Table 4, 5 and 6). 
 
Determination of optimum pH, temperature and substrate 
concentration for purified liver GST in C. carpio 
The optimum pH of purified hepatic GST was 6.5, 
6.0 and 6.8 whereas, optimum temperature 30.5 °C, 
31.0 °C and 30.0 °C however, optimum substrate 
concentration was 40.3 mM, 40.0 mM and 41.0 mM 




The concentration of heavy metals usually 
increased by erosion, volcanic and anthropogenic 
activities. Certain heavy metals including mercury, 
cadmium, nickel and lead are very toxic to living 
organisms even in low concentrations whereas, other 
metals like manganese, zinc, iron and copper are 
biologically crucial and natural constituents of the 
aquatic ecosystem and become toxic only at very high 
concentration
1,2
. The aquatic atmosphere is polluted 
with dissimilar type of nonorganic and organic 
contaminants of agricultural, industrial origin, mining 
and municipal waste
17
. Pollutants are hazardous for 
the physiological functions of humans and animals. 
The consumers and ecosystems integrity are also 
affected by their deleterious effects
18
. Free radicals of 
oxygen were formed when polluting substances just 
Table 7 — Partial Characterization of purified liver GST in  
C. carpio captured from Trimmu Head works, Rasul Barrage  










Temperature (°C) 30.5 31 30 
pH 6.5 6 6.8 
Substrate conc. (mM) 40.3 40 41 
 
Table 4 — Purification of hepatic GST in C. carpio captured from Trimmu Head works 
Fraction  
number 












18 0.15 110 0.70 157.14 2.45 85.93 
19 0.18 103 0.71 145.07 2.26 80.46 
20 0.26 94 0.68 138.23 2.15 733 
21 0.25 99 0.69 143.47 2.24 77.34 
22 0.33 97 0.67 144.77 2.26 75.78 
23 0.35 101 0.55 183.63 2.86 78.90 
 
Table 5 — Purification of hepatic GST in C. carpio captured from Rasul Barrage 
Fraction  
number 






Specific activity Fold purification %  
recovery 
12 0.295 89 0.68 130.88 2.29 80.18 
13 0.299 84 0.70 120 2.10 75.67 
14 0.301 90 0.64 140.62 2.46 81.08 
15 0.305 86 0.61 140.98 2.47 77.47 
16 0.308 81 0.62 130.64 2.29 72.97 
17 0.315 80 0.52 153.84 2.69 72.07 
 
Table 6 — Purification of hepatic GST from C. carpio captured from Chashma Barrage 
Fraction  
number 






Specific activity Fold purification %  
recovery 
16 0.287 100 0.66 151.51 1.96 69.44 
17 0.298 96 0.70 137.14 1.77 66.66 
18 0.299 97 0.62 156.45 2.02 67.36 
19 0.349 91 0.56 162.50 2.10 63.19 
20 0.351 89 0.61 145.90 1.88 61.80 
 




like heavy metal could act on the organisms causing 
oxidative stress due to initiating degenerative 
processes
19
. Similarly, antioxidants are molecules 
responsible to prevent the oxidation of proteins, lipids 
and DNA at low concentration
16
. These are the 
substances that react with free radicals and causes 
inhibition in oxidative damage. They are further 
divided into two major groups, enzymatic and non-
enzymatic antioxidants. Enzymatic antioxidants 
comprised of glutathione peroxidase, catalase and 
superoxide dismutase
20
. The antioxidant mechanism 
have attained attraction in the field of ecotoxicology, 
including the prominent oxidative enzymes namely, 
GST, GR, CAT and SOD. These antioxidants are 
important in oxidative stress and react with the free 
radicals, leading to the disturbance
8,9
. These types of 
protective mechanisms are more prominent in liver 
and kidney but in gills toxicity can be enhanced. Fish 
tissues have antioxidant defense mechanism 
consisting of GST and CAT enzymes which help to 
protect the tissues from oxidative damage caused by 
pollution
12
. Metals contaminated water caused 
reduced GST activity in liver and kidneys of C. 
carpio
14
. Pollutants enter the fish body through gills, 
skin, food and non-food particles. After the absorption 
of pollutants, these are transported to liver and in the 
blood stream for storage and transformation
21
. Fish 
liver is considered as a vital organ due to its major 
role in the organism’s metabolism such as protein 
production, methylation, oxidation, inactivation or 




In ecotoxicological studies, the importance of 
antioxidants is increasing because they are considered 
as important biomarkers of environmental stress and 
helpful in testing the aquatic pollution. Our study 
showed higher GST activity in liver of C. carpio 
captured from Chashma Barrage 144.33±1.15 as 
compared to Trimmu Head works 128.66.3±0.577 and 
Rasul Barrage 111.66±0.577. Significant differences 
(p<0.05) were recorded among sampling sites fish 
species liver GST activity. These findings suggested 
that pollution load causes highly stressed environment 
for fish organs. 
Highest GST activity was showed by crude extract 
fraction of liver as compared to the other fractions of 
C. carpio. However, gradual decrease in the activity 
was observed from crude extract to dialysis/desalted 
fraction. Highest protein contents were showed by the 
crude extract fraction while, lowest by desalted 
fraction. Meanwhile, gradual decrease in protein 
contents was observed from crude extract to 
dialysis/desalted fraction. Present study indicated that 
after each step of partial purification, activity 
decreased and specific activity increased. Highest 
specific activity was 183.63 U mg
-1 
for the purified 
liver GST from C. carpio and the fluctuated values 
from all sampling sites were due to the fluctuations in 
environmental factors and pollution levels in water 
which exert oxidative stress on fish physiology. 
Similarly, highest specific activity was; Rasul Barrage 
153.84 U mg
-1 
followed Chashma Barrage whereas, 
fold purification was 2.86, 2.69 and 2.10 for the 
purified liver GST of C. carpio captured from 
Trimmu Head works, Rasul Barrage and Chashma 
Barrage, respectively. Percent recovery was 78.90 %, 
72.07 % and 63.19 % from all three sampling sites, 
respectively. 
The optimum pH, temperature and substrate 
concentration was measured with little fluctuations 
for purified liver GST of C. carpio captured from 
three sampling sites. These results addressed that 
aquatic toxicity is hazardous for metabolic activities 
of fish as it has deleterious effects on fish enzymes. 
Minor fluctuations in enzymatic mechanism could be 
harmful for fish physiology. However, this study 
would fill much of the research gap in fish 
toxicological studies and it will be helpful for further 
biochemical and physiological studies on fish. 
Extended research with this subject will be helpful for 
the improvement of fisheries management programme 
in natural and culture environment.  
 
Conclusion 
In present study, the order of GST activity in the 
hepatocytes of C. carpio collected from different 
riverine reservoirs followed the order as Chashma 
Barrage> Trimmu Head works> Rasul Barrage. 
Fluctuations in the activity, specific activity, protein 
contents and percent recovery of GST is indication of 
the pollution load which exerts stress on fish 
enzymatic mechanism. However, it should be noted 
that aquatic pollution has deleterious effects on fish 
fauna. Further studies in this field are required to 
verify the conclusion. 
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